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ABSTRACT
Objectives: The main aim of this study was to assess the low bone mass in younger adults using peripheral dual X-ray absorptiometry (pDXA) and also 
to find the co-relational aspect of Indian, Nepal-Bhutan, and Afghanistan men.
Methods: In this study, 70 younger adults aged from 18 to 25 years were incorporated. In every adult, bone mineral density (BMD) of the left forearm 
(LF-BMD), right forearm (RF-BMD), left calcaneum (LC-BMD), and right calcaneum (RC-BMD) were measured by pDXA. The back-propagation neural 
network classifier is used in the classification of low bone mass and healthy controls, and the statistical tool was used to find the co-relational aspect 
of various BMD measurements.
Results: The LC-BMD positively correlated (p<0.05) with subject’s body weight and body mass index (BMI) r=0.40 in Indian men. The LC-BMD and 
RC-BMD were positively correlated (p<0.05 and p<0.01) with BMI (r=0.549 and r=0.63) in Nepal-Bhutan men. In Afghanistan men, LF-BMD and 
RF-BMD are positively correlated (p<0.05 and p<0.01) with BMI (r=0.49 and r=0.80). The accuracy of the classifier was found to be 94.3% and 97.1% 
with RF-BMD and RC-BMD in the total population.
Conclusion: The result suggested that the forearm and calcaneum BMD measured by pDXA shows statistically high significant correlation with BMI, 
which can be used for screening purpose, and also it will be helpful in the evaluation of low bone mass in the developing countries.
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INTRODUCTION
Osteoporosis is a metabolic disorder which is due to low mineral 
content in the bone, and the risk of fracture is high, especially, in the 
post-menopausal women and older adults. The decreasing bone quality 
is common due to aging in all the population. The fractures in the area 
of the hip and vertebrae have a significant relationship with morbidity 
and also with mortality. In 2050, 50% of the hip and vertebrae fractures 
will occur in the Asian countries. The factors considered for low-
mineral content depend on aging, mineral content, Vitamin D, and 
different environmental conditions, and diet conditions are the major 
reason for the fractures [1].
In developing countries, the higher percentage of women (9-38%) 
is affected than men (2-8%) with this osteoporosis [2]. The gold 
standard method used to measure bone mineral density (BMD) for 
the diagnosis of osteoporosis is dual-energy X-ray absorptiometry 
(DXA) technique [3]. The major two techniques which involve in the 
assessment of peripheral sites are the quantitative ultrasound and 
peripheral DXA (pDXA). Out of these techniques, pDXA is preferable for 
screening purpose. The BMD measured in peripheral sites was forearm 
and calcaneus, as these two parts are the recommended site according 
to the World Health Organization, and the time consumption of the 
measurement is minimum when compared to the whole-body DXA.
Marwaha et al. [4] assessed the bone health with the use of pDXA in 
the total population of 1600 men and women above the age of 50 who 
are residing in Delhi. The peripheral measurement is alternative to DXA 
due to its portable size and the low cost. They identified that estimation 
of BMD using pDXA is enhanced when it combines with the clinical 
factors which are related to the fractures [5,6]. Alonge et al. [7] studied 
the prevalence of osteoporosis and factors associated with osteoporosis 
in 2401 older patients in Nigerian population using the pDXA machine. 
The different aspects of peripheral densitometry have been reviewed by 
the International Society for Clinical Densitometry [8,9] which includes 
the monitoring and diagnosis of forearm measurement using DXA [10].
To the best of our knowledge, there is a sparseness of data on 
osteoporosis in Nepal, Bhutan, and Afghanistan population using 
DXA measurement. Hence, it is very much needed to study the BMD 
of different ethnic groups to predict the future risk of osteoporotic 
fractures. The comparative study of BMD using DXA is required for 
different Asian population to predict the osteoporotic condition. The 
aim of the study was to assess the relationship between measured 
BMDs in different ethnic groups using pDXA.
METHODS
Subjects and study groups
A total of 70 males aged from 18 to 25 years of different ethnic 
groups have participated in the free screening camp for low bone 
mass assessment. The camp was conducted in the SRM hospital, 
kattankulathur, Tamil Nadu, India, during the month of February 
2017. The health histories of the men were obtained using a simple 
questionnaire. The men with severe illness were excluded from the 
study. For all the men, body weight and height were measured, and 
body mass index (BMI) (Kg/m2) was calculated.
In this study, the following approach was used to divide the total 
population.
Approach: Based on gender, men with different ethnics were subdivided 
into three groups as:
•	 Group	1:	Indian	men
 (n=33, mean ± standard deviation (SD) age = 20.12±1.02 years)
•	 Group	2:	Nepal	and	Bhutan	men
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 (n=20, mean ± SD age = 21.25±2.52 years)
•	 Group	3:	Afghanistan	men
 (n=17, mean ± SD age = 23.17±1.94 years).
Measurements
The BMD of forearm and calcaneus of each male was measured 
using standard peripheral bone densitometer (EXA 3000, Osteosys 
Corporation, Korea). The quality assurance test was done daily using a 
standard phantom provided by the manufacturer.
i. Forearm: Left forearm (LF-BMD) (g/cm2) and right forearm 
(RF-BMD) (g/cm2)
ii. Calcaneus: Left calcaneum (LC-BMD) (g/cm2) and right calcaneum 
(RC-BMD) (g/cm2).
Back-propagation neural (BPN) classification
The gradient BPN network was used for classification of men into the 
healthy and low bone mass group. This classifier was tested using the 
following four attributes: (i) Age (years), (ii) body height (cm), (iii) 
body weight (Kg), and (iv) BMI (Kg/m2) given as the input features for 
the total studied population.
Statistical analysis
The data were performed with the SPSS version 17.0 (SPSS Inc., Chicago, 
USA). The association between demographic features of different ethnic 




Table 1 shows the statistical correlation matrix between measured 
demographic features compared with BMD variables by pDXA in total 
study men (n=33, mean ± SD age = 20.12±1.02 years). The LC-BMD 
positively correlated (p<0.05) with subject’s body weight and BMI 
(r=0.40). Table 2 shows the statistical correlation matrix between 
measured demographic features compared with BMD variables by pDXA 
in Nepal and Bhutan men (n=20, mean ± SD age = 21.25±2.52 years). 
The RC-BMD negatively correlated (p<0.05) with subject’s age (r=0.48), 
and calcaneum BMD (LC-BMD and RC-BMD) is positively correlated 
(p<0.05 and p<0.01) with BMI (r=0.549 and r=0.63). Table 3 shows 
the statistical correlation matrix between measured demographic 
features compared with BMD variables by pDXA in Afghanistan men 
(n=17, mean ± SD age = 23.17±1.94 years). The LC-BMD and RC-BMD 
negatively correlated (p<0.05 and p<0.01) with subject’s age (r=0.51 
and r=0.74), and forearm BMD (LF-BMD and RF-BMD) is positively 
correlated (p<0.05 and p<0.01) with BMI (r=0.49 and r=0.80).
Comparison of Indian Men and Nepal-Bhutan men
Table 4 depicts the statistical differences between Indian men (n=33) 
and Nepal-Bhutan men (n=20). The mean age of both men groups 
was 20.12±1.02 and 21.05±2.26 years, respectively. The body weight, 
height, and BMI were statistically significant at the level of p<0.01. The 
measured BMD by pDXA at the regions of interest of the forearm BMD 
was lesser in Indian men group compared to Nepal-Bhutan group, with 
a reduction rate of 4%, whereas in calcaneum BMD, a reduction rate of 
9% and 6% for RC-BMD and LC-BMD, respectively.
Comparison of Indian men and Afghanistan men
Table 5 depicts the statistical differences between Indian men (n=33) 
and Afghanistan men (n=20). The mean age of both men groups was 
20.12±1.02 and 23.18±1.94 years, respectively. The body weight was 
statistically significant at the level (p<0.05). The measured BMD by 
pDXA at the regions of interest of the both forearm BMDs was lesser 
in Indian men group compared to Afghanistan group, with a reduction 
of 15%, and it is statistically significant at the level of p<0.01. In the 
calcaneum BMD, a reduction rate was 17% and 11% for RC-BMD and 
LC-BMD, respectively, but the RC-BMD was statistically significant at the 
level of p<0.01.
Performance of classification
The execution of characterization was assessed utilizing a confusion 
matrix. From this matrix, an accuracy of the classifier was assessed. 
The forward back-propagation network (BPN) was implemented for 
diagnosing low bone mass in both Indian men and other ethnic group 
men using right forearm. The sensitivity, specificity, and accuracy of 
the classifier were obtained as 95.7%, 91.7%, and 94.3%, respectively, 
in the right forearm region. In the case of right calcaneum region, 
the sensitivity, specificity, and the accuracy were observed to be 
100%, 96%, and 97.1%, respectively. Figs. 1 and 2 demonstrated the 
performance classification of BPN classifier in the assessment of low 
bone mass in the right forearm and right calcaneum in the aggregate 
contemplated population.
DISCUSSION
Osteoporosis is the disease related to low mineral content that has less 
awareness associated with the diagnosis of low BMD in the developing 
countries [11]. The prevalence of this disease is increased in the 
age above 50, and it was found that the prevalence rate is 20.3% in 
India [12]. In younger adults, tobacco and smoking have the significant 
dose-response association with osteoporosis [13], but the relationship 
with alcohol and osteoporosis is not clear [14]. Several authors have 
conducted the study on assessment on osteoporosis and suggested 
Table 1: Statistical correlation matrix between measured demographic features and pDXA in total studied Indian men 
population (n=33)
Method Variable LF-BMD (g/cm2) RF-BMD (g/cm2) LC-BMD (g/cm2) RC-BMD (g/cm2)
Demographic features Age (years) 0.278 0.020 −0.020 0.150
Body height (cm) −0.030 0.198 0.035 0.195
Body weight (Kg) −0.008 −0.158 0.402* 0.304
BMI (Kg/m2) −0.001 −0.265 0.397* 0.213
Pearson correlation coefficient (r), *p<0.05, LF-BMD: Left forearm bone mineral density, RF-BMD: Right forearm bone mineral density, LC-BMD: Left calcaneum bone 
mineral density, RC-BMD: Right calcaneum bone mineral density, p-DXA: Peripheral dual X-ray absorptiometry, BMI: Body mass index
Table 2: Statistical correlation matrix between measured demographic features and pDXA in total studied Nepal and Bhutan men 
population (n=20)
Method Variable LF-BMD (g/cm2) RF-BMD (g/cm2) LC-BMD (g/cm2) RC-BMD (g/cm2)
Demographic features Age (years) 0.302 0.338 −0.353 −0.483*
Body height (cm) 0.179 0.324 −0.041 −0.056
Body weight (Kg) 0.011 0.035 0.334 0.414
BMI (Kg/m2) −0.146 −0.218 0.490* 0.629**
Pearson correlation coefficient (r), **p<0.01, *p<0.05, LF-BMD: Left forearm bone mineral density, RF-BMD: Right forearm bone mineral density, LC-BMD: Left 
calcaneum bone mineral density, RC-BMD: Right calcaneum bone mineral density, p-DXA: Peripheral dual X-ray absorptiometry, BMI: Body mass index
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Table 3: Statistical correlation matrix between measured demographic features and pDXA in Afghanistan men population (n=17)
Method Variable LF-BMD (g/cm2) RF-BMD (g/cm2) LC-BMD (g/cm2) RC-BMD (g/cm2)
Demographic features Age (years) 0.365 0.165 −0.514* −0.748**
Body height (cm) −0.344 −0.335 −0.520* −0.526*
Body weight (Kg) 0.236 0.553* 0.066 −0.200
BMI (Kg/m2) 0.492* 0.802** 0.494* 0.250
Pearson correlation coefficient (r), **p<0.01, *p<0.05, LF-BMD: Left forearm bone mineral density, RF-BMD: Right forearm bone mineral density, LC-BMD: Left calcaneum 
bone mineral density, RC-BMD: Right calcaneum bone mineral density, SD: Standard deviation, p-DXA: Peripheral dual X-ray absorptiometry, BMI: Body mass index
Table 4: Statistical differences in demographic features and pDXA measurements with Indian men and Nepal-Bhutan men population
Methods Variable Mean±SD Statistical 
significance (p value)Indian men (n=33) Nepal and Bhutan men (n=20) 
Demographic features Age (years) 20.12±1.02 21.05±2.26 0.05*
Body height (cm) 173.70±6.41 168.90±6.40 0.01**
Body weight (Kg) 69.73±10.80 61.77±7.37 0.01**
BMI (Kg/m2) 23.15±3.39 21.57±1.87 0.01**
p-DXA RF-BMD (g/cm2) 0.48±0.10 0.50±0.07 NS
LF-BMD (g/cm2) 0.47±0.06 0.49±0.05 NS
RC-BMD (g/cm2) 0.59±0.13 0.65±0.12 NS
LC-BMD (g/cm2) 0.59±0.14 0.63±0.12 NS
*Correlation is significant at the 0.05 level (two-tailed), **correlation is significant at the 0.01 level (two-tailed), SD: Standard deviation, p-DXA: Peripheral dual 
X-ray absorptiometry, LF-BMD: Left forearm bone mineral density, RF-BMD: Right forearm bone mineral density, LC-BMD: Left calcaneum bone mineral density, 
RC-BMD: Right calcaneum bone mineral density, BMI: Body mass index
Table 5: Statistical differences in demographic features and pDXA measurements with Indian men and Afghanistan men population
Methods Variable Mean±SD Statistical significance (p value)
Indian men (n=33) Afghanistan men (n=17)
Demographic features Age (years) 20.12±1.02 23.18±1.94 0.00**
Body height (cm) 173.70±6.41 175.79±4.56 NS
Body weight (Kg) 69.73±10.80 76.68±5.51 0.02*
BMI (Kg/m2) 23.15±3.39 24.83±1.77 NS
p-DXA RF-BMD (g/cm2) 0.48±0.10 0.57±0.07 0.00**
LF-BMD (g/cm2) 0.47±0.06 0.55±0.07 0.00**
RC-BMD (g/cm2) 0.59±0.13 0.71±0.11 0.00**
LC-BMD (g/cm2) 0.59±0.14 0.66±0.11 NS
*Correlation is significant at the 0.05 level (two-tailed), **correlation is significant at the 0.01 level (two-tailed), SD: Standard deviation, p-DXA: Peripheral dual 
X-ray absorptiometry, LF-BMD: Left forearm bone mineral density, RF-BMD: Right forearm bone mineral density, LC-BMD: Left calcaneum bone mineral density, 
RC-BMD: Right calcaneum bone mineral density, BMI: Body mass index
Fig. 1: Performance analysis of classifier in the evaluation of low 
bone mass in right forearm in the studied population
Fig. 2: Performance analysis of classifier in the evaluation of low 
bone mass in right calcaneum in the studied population
suitable therapy and food supplements to improve the quality of 
life [15-18]. The connection between body height and bone geometry 
exists because the biomechanical strength applied to the skeleton [19]. 
The relationship between BMI, weight, height, and BMD was accounted 
for some populations [20-22].
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Sapthagirivasan et al. showed that the bone mass reached its peak 
value in young Indian men whose age ranges from 26 to 30 years. 
They also compared the heel BMD with BMI and weight which shows 
the statistically significant value (p<0.01) [23]. In this study, the body 
weight and BMI showed a significant difference (p<0.05) with LC-BMD 
in Indian men, whereas in Nepal-Bhutan population, it showed a 
significant difference with LC-BMD (p<0.05) and with RC-BMD (p<0.01). 
Bansal and Bansal [24] showed a similar kind of positive relationship 
with BMI and BMD in Men. Misao et al. [25] studied the population of 
199 men and were found that LF-BMD showed a significance of p<0.01 
with BMI. In this study, the Afghanistan men showed a significance of 
p<0.05 in LF-BMD and RF-BMD (p<0.01) with BMI.
Cui et al. reported in their study that the participants with a BMI of 
<18.5	had	a	higher	 incidence	of	osteoporosis	 than	BMI	≥18.5	 in	both	
males and females. They confirmed that the factors such as age, sex, 
weight, BMI, high-density lipoprotein cholesterol, and diabetes are 
significant predictors of osteoporosis in the Chinese people [26].
This study showed that Indian men have low BMD compared to Nepal-
Bhutan men, which showed a reduction of 4% in both LF-BMD and 
RF-BMD, whereas 9% and 6% reduction was found in RC-BMD and 
LC-BMD. In comparison with Afghanistan men, a reduction rate of 
15% was identified in LF-BMD and RF-BMD, whereas in RC-BMD and 
LC-BMD, the reduction rate was 17% and 11%.
The classifier was tested with RF-BMD and RC-BMD, where these two 
had a higher reduction of BMD in Indian men compared to other ethnic 
groups. The accuracy of the classifier was found to be 94.3% in RF-BMD 
and 97.1% in RC-BMD.
CONCLUSION
It was found that Indian men have low BMD compared to other ethnic 
groups. The results suggested that both forearm and calcaneum BMD 
will be useful in the diagnosis of low bone mass. The classifier showed 
a good accuracy between both normal and low bone mass, and it 
could be tested for the large group of data. The main limitations of this 
study are a limited number of men included in all ethnic groups. The 
measurement of BMD using pDXA can be used as a screening tool for 
the rural people, especially in the developing countries.
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